Abstract In the present study, effect of meat chunk size (2-3 and 4-5 cm), massaging time (6, 8 and 10 min) and cooking time (40, 45 and 50 min) on quality of restructured pork blocks was evaluated. Higher product yield (89.31%) was obtained with chunk size of 2-3 cm compared to blocks prepared from chunk size of 4-5 cm (85.12%). PH and shear force values were comparable. Among sensory attributes appearance and overall palatability was significantly higher for product prepared from chunk size of 2-3 cm. Increase in massage time from 6 min to 10 min resulted in improvement in product yield and reduction in shear force value. All the sensory attributes improved with the increasing massaging time except the flavour, which remained constant. Ten minutes of massaging time was found optimum due to higher product yield, significantly better appearance, texture and overall palatability than 6 and 8 min of massaging. In cooking time, it was found that product yield and shear force values were inversely proportional to the cooking time. Sensory attributes were comparable. Cooking time of 50 min was found optimum in view of better sensory attributes of the product than 40 and 45 min of cooking. From the present study it can be concluded that Meat chunk size of 2-3 cm, massaging time of 10 min and cooking time of 50 min was found optimum for making restructured pork blocks in the view of better sensory attributes of the product.
Introduction
In view of the rapid increasing demand for meat products and changing trends to fast food consumption in cities, there is a need to develop low cost processed meats with higher health and nutritional values and also convenience at preparation. The meat industry has experienced numerous innovations in the processing of meat products. One such approach is the development of restructured meat products.
Restructuring is a method in which the meat is partially or completely disassembled and then reformed into same or a different form. Restructuring has the advantages of convenience in preparation and economy in the production due to which the restructured products are becoming important components of the processed meat industry. Restructured meat products are made by extraction of muscle proteins using salt and phosphate which forms a heat set protein gel upon subsequent cooking (Raharjo et al. 1994) .
Restructured meat products are commonly prepared using different methods of size reduction viz. chunking and forming, flaking and forming, sectioning and forming or combination of the above methods. Finer the particle size, the larger is the surface area and greater, the release of muscle proteins. Fine flake size produced a more acceptable appearance, increased tenderness and decreased shear force value (Berry et al. 1987) . In restructuring, tumbling and massaging are the two techniques routinely used. Tumbling utilizes impact energy while massaging utilizes frictional energy. The basic aim of both these techniques is to extract enough salt soluble proteins to enhance the tenderness, juiciness and slicing characteristics.
Product yields are dependent on time, temperature, cooking method and type of meat. Huffman et al. (1981) reported increase in cook yield with increase in salt level and phosphate level for restructured pork chops. Lower cook yield and correspondingly lower moisture of the cooked samples were obtained at 100°C than at 70°C (Arganosa et al. 1991) . Highly acceptable restructured chicken block was developed with incorporation of gizzard and fat and with shelf life of 10 days under refrigerated storage condition (Sudheer et al. 2011) .
The aim of present study was to evaluate effect of meat chunk size, massaging time and cooking time on quality of restructured pork blocks.
Materials and methods

Materials
Hams were obtained from crossbred pigs (Landrace × desi) weighing between 60 and 70 kg slaughtered in Divisional Experimental Abattoir. The deboning of hams was done after chilling (4±1°C) them overnight. After the removal of all external fat, fascia and separable connective tissue, pork was packed in low density polyethylene bags and stored in the freezer for subsequent use in experiments after proper thawing. Condiments mix was prepared with onions and garlics by cutting into small pieces and then homogenized in a domestic mixer in 3:1 ratio to obtain a fine paste.
The technique for preparation of restructured pork blocks
The massaging technique was used for the preparation of restructured pork blocks. The curing solution consisted sodium chloride 120.0 g, cane sugar 60.0 g, sodium tripolyphosphate 25.0 g, monosodium glutamate (MSG) 0.5 g, sodium nitrite 0.75 g and 1,000 ml water. The ingredients were dissolved in 1 l distilled water and filtered through sieve (2 mm 2 pore size).
Experiment 1: Standardization of meat chunk size for processing of restructured pork blocks
The pork was first cut into pieces of two different sizes viz 2-3 cm, 4-5 cm. The curing solution was prepared as per the composition mentioned above. For 1 kg of pork pieces, 200 ml of curing solution and 5% condiments were added in the peddle mixer. Now the massaging was done to a fixed time (12 min) for both the batches (2-3 cm, 4-5 ms). The pork mix (batter) thus obtained was filled into aluminium moulds (16 1/2 X8X6 cm 3 ) and was steam cooked for 50 min. The boxes were removed from cooker and were allowed to cool. The pork blocks were removed and kept for chilling in refrigerator (4±1°C). The weight of the individual blocks was recorded for the calculation of product yield. The pork blocks were made into slices of 5 mm thickness using slicer (OMAS, Type H 300, Italy).
Experiment 2: Standardization of massaging time for processing of restructured pork blocks Pork chunks of 2-3 cm were made. Three batches each of which containing 500 g of pork chunks were put in the peddle mixer with curing solution and condiments and massaged for three different timings viz 6 min, 8 min and 10 min at a constant speed. The batter thus obtained was filled into aluminium moulds and was cooked for 50 min. The pork blocks were then removed, chilled and cut into slices for sensory evaluation.
Experiment 3: Standardization of the cooking time for processing of restructured pork blocks For the standardization of the cooking time, 1,500 g of pork chunks (2-3 cm) with curing solution and condiments were massaged for 10 min. The pork mix was filled into three different aluminium moulds and subjected to three different cooking time viz 40 min, 45 min and 50 min. The pork blocks were then removed, chilled and cut into slices of 5 mm thickness for sensory evaluation.
Analytical procedure pH pH of the restructured pork slices was determined by using the method described by Strange et al. (1977) . Ten grams of sample was homogenised with 50 ml distilled water for 1 min in Ultra Turrax (T-25 Germany) tissue homogenizer. The pH of the suspension was recorded by dipping the combined glass electrode of digital pH meter (Elico, India, Model LI 127).
Product yield
The weight of restructured pork blocks before and after cooking was recorded. The product yield was calculated as below:
Product yield ð%Þ ¼
Weight of cooked blocks
Weight of raw blocks Â 100
Batter stability (ES)
The batter stability was determined by the procedure described by Kondaiah et al. (1985) . About 25 g of batter in triplicate were taken in polyethylene bags and heated in a thermostatically controlled water bath at 80°C for 20 min. After draining out the exudate, the cooked mass was cooled and weighed. The percentage of cooked batter was expressed as batter stability. Cooking loss of the product was inversely proportional to its emulsion/batter stability.
Shear force value (SFV)
The restructured pork block was bored at different points with the help of a borer of 1 cm diameter. The bored pieces were sheared in the Warner-Bratzler Shear Press Apparatus (Model 81031307, G.R. Elect. Mfg. Co., USA). For each sample, 15 observations were recorded to obtain the average value of shear force and were expressed in kg/cm 3 .
Texture profile analysis (TPA)
Texture profile analysis of restructured pork blocks was recorded as per the procedure described by Bourne (1978) using the texturometer TA-XT Texture Analyzer (Stable Microsystem Ltd, Surray, England). Refrigerated samples were allowed to thaw to room temperature (25°C). Uniform sized pieces (1.5 cm×1.5 cm) of each block were used as the test samples. The test sample was placed on the platform fixture and compressed to 80% of their original height at a cross head speed of 2 mm/s through two cycle sequence, using 50 kg load cell and 75 mm compression platen probe (P75). The test conditions were Version: W 11, Option: TPA, pretest speed: 10 mm per sec and trigger type: auto. Textural variables from force and area measurement were represented as TPA parameters (Bourne 1978) . Three samples were analyzed under each treatment and the readings were averaged. The TPA parameters computed were: Hardness (N): Peak force during the first compression cycle (maximum force/ energy required to compress the sample), Cohesiveness: Ratio of the positive force area during second compression to that during the first compression (OR) and (The) ratio of the active work done under the second force displacement curve (A 2 ) to that done under the first compression curve (A 1 ) i.e. A2/A1 OR the extent to which sample could be deformed prior to rupture, Springiness (cm): Height to which the sample recovers during the time that elapses between end of the first bite and start of second bite OR the distance recovered by the sample after the first compression i.e. ability of sample to recover to its original height after the deforming force was removed, Gumminess (N/cm 2 ): Force required for complete disintegration of semisolid samples for swallowing i.e. hardness x cohesiveness, Chewiness (N/cm): Work required to masticate the sample for swallowing i.e. springiness x gumminess, Adhesiveness: negative force area for the first bite, representing the work necessary to pull the compressing plunger away from the sample.
Sensory evaluation of restructured pork slices A sensory evaluation scale with an 8 point descriptive scale was developed with slight modification of 6 point descriptive scale by Ghavimi et al. 1987 was followed, where 8 0 excellent; 1 0 extremely poor. The panelists consisted of scientists and postgraduate students of the division. Samples were warmed in microwave oven for 1 min and served to the panelists. Water was provided to rinse the mouth between the samples. The panelists judged the samples for the attributes of general appearance, presence of spaces, presence of pin holes, flavour, juiciness, texture, binding and overall palatability.
Statistical analysis
Data generated from the three trials were evaluated statistically (Snedecor and Cochran 1994) by analysis of variance (ANOVA) at the institute's computer centre for estimation of means and comparison of means for statistical significance.
Results and discussion
Product yield
There was marked higher yield of restructured pork block prepared with smaller size (2-3 cm) meat chunks than the product made with larger size (4-5 cm) meat chunks (Table 1) . Chesney et al. (1978) found that the use of small flakes produced lower cooking loss i.e. increased product yield than the medium and large flakes in flaked and formed pork chops. Sen and Karim (2003) reported that yield of restructured mutton steakettes increased significantly with smaller flake size. Cofrades et al. (2004) also reported similar findings.
As the massaging time increased from 6 min to 10 min, there was an improvement in the product yield (Table 2) . This might be due to extraction of more proteins, which prevented cooking losses. Results are in agreement with Booren et al. (1981) , Pietrasik and Shand (2004) and Lachowicz et al. (2003) .
When cooking time increased, the core temperature of the product increased resulting into the lower product yield (Table 3) . Arganosa et al. (1991) reported lower cook yield and correspondingly lesser moisture content of the cooked samples at 100°C than at 70°C. Vasanthi et al. (2007) and Combes et al. (2003) reported higher cooking loss with the increasing cooking time.
pH
The pH of the product was higher as the meat chunk size decreased. This is in agreement with the results of Sen and Karim (2003) in restructured mutton steaks. However, Berry et al. (1999) and Suman and Sharma (2003) and reported that grind size had no influence on pH.
Increase in pH of restructured pork blocks prepared with increasing massaging time i.e. from 6 min to 10 min was observed. Plimpton et al. (1991) reported that salt treated samples had higher pH after tumbling irrespective of pre or post-rigor non tumbled samples.
There was slight increase in pH as the cooking time increased (Table 3 ). This increase in pH might be attributed to the loss of free acidic groups (Lawrie 1979) . Vasanthi et al. (2007) reported increase in pH with the increasing cooking time.
Shear force
The restructured pork block prepared with smaller meat chunks (2-3 cm) had significantly lesser shear force value and were more tender compared to restructured pork block prepared with larger meat chunks (4-5 cm). Chesney et al. (1978) , McDermott et al. (1999) and Berry et al. (1999) reported higher tenderness in restructured pork chops, reformed pork shoulder product and cooked beef patties, respectively made with smaller flakes. Berry et al. (1987) also found the lower shear force in restructured pork steaks processed from smaller flakes. Suman and Sharma (2003) and Roth et al. (1999) reported significant decrease in shear force as the meat particle size decreased.
As the massaging time increased from 6 min to 10 min shear force value of the products decreased. Similar findings of decrease in shear force with the increasing massaging time were reported by Booren et al. (1981) and Pietrasik and Shand (2004) .
With increased cooking time of the product, shear force value decreased. This might be due to higher core temperature of the product obtained during longer period of cooking. Draut (1972) attributed this decrease in shear force to the solubilisation of collagen, which increases with increasing temperature. Vasanthi et al. (2007) reported decrease in shear force value as the cooking time increased.
Texture profile analysis
Hardness value of the restructured pork block prepared with larger meat chunks (4-5 cm) was higher than the products made with smaller meat chunks (2-3 cm). There were also higher gumminess, chewiness and cohesiveness values for the restructured pork block prepared with large size meat chunks. There was no change in the adhesiveness of the products. However, springiness value was more in restructured pork block prepared with smaller size meat chunks than the products made with large size meat chunks. Suman and Sharma (2003) and Roth et al. (1999) reported lower hardness as the meat particle size reduced. Berry et al. (1999) also reported decreased hardness and chewiness values in cooked beef patties prepared with smaller grind size. Barbut (1990) observed lower hardness values in pork bologna with smaller lean particle size. Small et al. (1995) also reported an increase in hardness and more peak energy requirement for pork frankfurters with increase in particle size. The hardness value decreased significantly with the increase in massaging time i.e. from 6 min to 10 min. This might be due to decreased shear force value with increase of massaging time. Zochowska et al. (2007) , Pietrasik and Shand (2004) reported decrease in hardness with the increasing massaging time. Lachowicz et al. (2003) also found decrease in hardness, cohesiveness and chewiness with the increasing massaging time. Adhesiveness and springiness also decreased with increasing massaging time, but with no significant difference. Gumminess and chewiness values were significantly higher in restructured product massaged with 8 min than the product massaged for 10 min.
The hardness of the product decreased significantly with increasing cooking time from 40 min to 50 min, which might be due to decrease in the shear force of the product with increasing cooking time. Negative value of adhesiveness indicates gooieness of the products. Vasanthi et al. (2007) reported increase in tenderness with increasing cooking time. Gumminess, chewiness and adhesiveness also decreased with increased cooking time, but no significant difference was observed. There was slight increase in springiness and cohesiveness of the product cooked to 50 min than the product cooked for 40 min.
Sensory evaluation
The appearance and overall palatability were significantly better for the restructured pork blocks made with the smaller meat chunks (2-3 cm). All other attributes like presence of spaces and pinholes in the slices declined while flavour, juiciness, texture and binding of the products improved as the meat chunk size decreased, but there was no significant difference between them. Small et al. (1995) reported higher sensory scores at lower particle size of 1.4 cm than 2.0 cm in pork frankfurters. Berry et al. (1999) reported increase in tenderness of hot processed ground beef with decrease in particle size from 0.95, 0.48 to 0.32 cm. Suman and Sharma (2003) reported significant increase of overall palatability in patties prepared with smaller grind size and attributed this to the increased binding due to smaller particle size. However, Sen and Karim (2003) reported that meat particle size reduction had no significant effect on acceptability of restructured mutton steaks. Similarly, Marriot et al. (1986) reported that particle size had no effect on flavour and juiciness of restructured pork, but tenderness decreased as particle size increased from 3 to 9.9 mm. Meat chunk size of 2-3 cm was selected for further studies due to higher product yield and significantly better appearance and overall acceptability of the products. As the massaging time increased, the appearance, texture, binding and overall palatability also improved significantly. Even there was significant decrease in spaces and pinholes in the slices. There was no significant difference in flavour and juiciness. But juiciness increased with increasing massaging time. Gillet et al. (1981) reported that as the massaging time increased, the bind also enhanced in ham slices. Booren et al. (1981) reported that flavour and juiciness improved with increased mixing time. A massaging time of 10 min was chosen for further studies in view of higher product yield, significantly better appearance, texture and overall acceptability.
There was no significant difference in sensory attributes of products cooked for different periods. However, there was an improvement in appearance, juiciness, texture and overall palatability of the product cooked for 50 min than those cooked for 45 and 40 min. Vasanthi et al. (2007) reported similar higher sensory scores as the cooking time increased. Cooking time of 50 min was selected for making restructured pork blocks in view of better sensory attributes of the product.
Conclusions
Meat chunk size of 2-3 cm was found better due to higher product yield and significantly better appearance and overall acceptability of the products. All the sensory attributes improved with the increasing massaging time except the flavour, which remained constant. Massaging time of 10 min was found to be optimum as it gave higher product yield, significantly better appearance, texture and overall acceptability. Cooking time of 50 min was found suitable for making restructured pork blocks in the view of better sensory attributes of the product. 
